We aim to examine temporal trends of orthopedic operations and opioid-related hospital stays among seniors in the nation and states of Oregon and Washington where marijuana legalization was accepted earlier than any others.
Introduction
The growing crisis of the United States (U.S.) opioid epidemic affects all of us and has become grave public health threat. The prevalence of aging-related orthopedic conditions necessarily increases along with the prolonged life expectancy. In the U.S., lower back pain and other degenerative joint diseases have been the leading causes of disability from 1990 to 2016. [1] Due to the longer life expectancy, advancement in surgical techniques, technologies (eg, implants, instrumentation), and postoperative care, the number of orthopedic operations, for example, lumbar fusion procedures among Medicare beneficiaries increased during the past decade. [2] Considering the nation's opioid epidemic, the demands for opioid prescription most likely increases among seniors who had orthopedic operations. However, the strict controlled substance policies make the opioid prescription more difficult across the states. Also, in order to reduce misuse and abuse of prescribed opioids, more than 30 states have implemented the prescription drug monitoring program (PDMP) during the past 2 decades. Yet, PDMPs have not been effective in reducing drug overdose mortality rates. [3] As such, PDMPs may not be effective to comprehensively address prescription diversions, doctor shopping, or other abusive behaviors of other than prescribed opioids. Federal rescheduling hydrocodone product, the most commonly prescribed opioid analgesic, from schedule III to schedule II in 2014 faced unexpected increase in opioid-related hospitalizations without documented opioid prescriptions that may represent an increase in illegal use among Medicare beneficiaries. [4] No previous studies focused on the trends of orthopedics operations due to degenerative joint diseases in general among older adults. Older adults are particularly susceptible to toxicity and adverse effects from opioid use. [5] Understanding the interactions between trends of orthopedics operations and opioid-related hospital stays in older adults is critical to the development of timely and effective interventions.
Although medical marijuana laws are associated with a reduction in overdose deaths from opioid pain relievers, the effect of marijuana legalization on both prescribed and illicit opioids use needs further attention, in older adults in particular. The current brief report examined temporal trends of orthopedics operations due to degenerative joint disease and opioid-related hospital stays in the nation and states of Oregon and Washington where marijuana legalization was accepted earlier than other states and shared similar timeline of legal processes.
Methods

Data source
Study design was a serial retrospective cross-sectional data analysis. We obtained data from the healthcare cost and utilization project (HCUP) fast stats: most common operations during inpatient stays from 2006 through 2015 and opioid-related hospital use in the nation, and states of Oregon and Washington from 2008 through 2017 (HCUP, 2017 and 2018). Institutional review board review was not necessary because all data were secondary, completely de-identified, and publicly available.
Main measurements and variables of interest
The main measurements were annual rates per 100,000 populations to estimate the trends of orthopedic operations and opioid-related hospital stays. Orthopedic operations were limited to the hospital inpatient procedures for degenerative joint conditions: knee arthroplasty, total or hip replacement, spinal fusion or laminectomy. Orthopedic operations and opioidrelated conditions were identified by using the international classification of disease, 9th revision (until 2015 3rd quarter) or 10th revision (from 2015 4th quarter), clinical modification (ICD-9 or 10-CM) and were defined by the HCUP elsewhere. [6] The annual trends of orthopedics operations were categorized by 2 age groups (age 65 and older, our interest group; age 45-64, reference group). Young age groups were not added in analysis due to too low rates of orthopedic operations.
Statistical analysis
The compound annual growth rate (CAGR) was used to quantify temporal trends of annual rate of orthopedic operations and opioid-related hospital stays per 100,000 populations. Statistical significance was tested by the Rao-Scott correction of x 2 tests for categorical variables. In the CAGR, year A is x, and year B is y; thus, CAGR = (y/x) {1/(B/A)}À1 . All reported P values were 2-tailed, P values <.05 were considered statistically significant.
Results
The CAGR (4.06%) of orthopedic operations among 65 and older increased (3269 per 100,000 in 2006; 4675 per 100,000 in 2015, P < .001) unlike the unchanged rate among age 45 to 64 (CAGR = 1.17%, P = .239) as presented in Figure 1A . Figure 1B presents trends of annual rate of opioid-related hospital stay per 100,000. The CAGR of opioid-related hospital stay was 6.79% in the nation (192 per 100,000 in 2008; 304 per 100,000 in 2015, P < .001); 10.32% in Oregon (368 per 100,000 in 2008; 790 per 100,000 in 2016, P < .001); 15.48% in Washington (213 per 100,000 in 2008; 778 per 100,000 in 2017, P < .001). We also found out the geographic variation in the trends of opioid-related hospital use among 65 years or older. The absolute gap between annual rates of opioid-related hospital stays in the States of Oregon/Washington and that of national average has been wider over time. These gaps were less than 2 times in 2008. However, these gaps were more than twice in 2015.
Discussion
Upward trends of orthopedic operations and opioid-related hospital stays among older adults were observed in the nation in general as well as states of Oregon and Washington states where marijuana legalization was accepted earlier than other states and shared similar timeline of legal processes. In response to the increased volume of orthopedic operations, a substantial growth in opioid prescriptions among 65 years old and older Medicare beneficiaries have been observed in the previous nationally representing data. [4] Opioid-related hospital use concerns overdose as well as underutilization (pain crisis or opioid withdrawal) even though we cannot discern these 2 opposite directions of opioid-related hospital use. [5] The sharp increase in opioid-related hospital stays overall during the transition to ICD-10-CM may be partly explained by coding instability due to more missing cases from old ICD-9-CM system. [6] Oregon and Washington states share the similarity of drug policies such as the same year of PDMP in 2011 and medical marijuana legalization in 1998, and its dispensary in 2009. [7] The Kim et al. Medicine (2019) 98:28 Medicine residents of Oregon and Washington have quickly accepted, within 3 to 5 years of medical marijuana dispensary, the recreational marijuana due to the familiarity with medical marijuana dispensary, socially/locally accepted marijuana use at home and affordable price. [7] Marijuana might have played a role of gateway drug to opioid. [8] Medical marijuana laws appear to have advanced an unhealthy social contagion of substance use in general, contributing to a collective trend toward the passage of recreational marijuana legalization laws, according to the 3 nationally representing U.S. adult surveys. [9] This speculation was empirically assessed by Shen et al. using the national emergency department (ED) visit dataset, Nationwide Emergency Department Sample. [10] Rates of marijuana-associated ED visits showed significant increases in the West region as compared with other regions between 2006 and 2014. [10] These findings indicate a potential linkage between effect of recreational marijuana legalization and changing trends in marijuana use. It has taken over 11 years from the legalization to the local dispensaries, older adults eagerly waited for the medical marijuana to become available. [8] Such experience arguably resulted in older adults' greater responsiveness to the availability of the opioids. Middleage group (45-54 years) most likely will have similar degenerative joint diseases in near future and may follow the similar trends to the current older adults. In fact, the recent study using a nationwide private insurance claim database, there was no association between the number of initial opioid prescription and likelihood of opioid refill after surgery. [11] In other words, variation in probability of refill opioids after surgery was not attributed by surgery itself, but, was more attributed by psychosocial factors such as mental health and substance use disorders. [11] Especially, among retirement-age adults, the poor, as well as Medicaid enrollees, were disproportionate users of opioid (both prescribed and illicit) out of perceived necessity rather than out of choice based on the Health and Retirement Study, nationally representing survey analysis. [12] Upward trends of the opioid-related hospital use among seniors in general and in Oregon and Washington in particular, call for immediate actions. First, research should precisely differentiate purposes of opioid-associated hospital use in a nationally representative sample. Second, more interdisciplinary and patient-centered care should be taken to manage older adults with degenerative joint diseases. For example, possible interventions include:
(1) promoting collaborations between healthcare providers (surgeon, pain specialist, and primary care provider) and maintaining single prescriber-pharmacy to optimize pain management, (2) improving care coordination to streamline mobility, transportation, and durable medical equipment support among older adults with degenerative joint diseases, and (3) avoiding stigmatizing the opioid-use disorders to maintain the social well-being of individuals and their family in communities.
We acknowledge several limitations. First, usually, low sensitivity and high specificity in weighted estimates occurred when identifying persons who use illicit drug from administrative claim data. [13] Second, the coding accuracy of opioid-related conditions as well as transition stability from the ICD-9 to ICD-10 systems remains relatively low. [6, 14] Lastly, the states of Oregon and Washington may not represent west or southwest region where most of these states adopted marijuana legalization. Despite these potential limitations, we believe this is the first study to report several new insights to the current. To the best of our knowledge, there was no previous study that examined the trends of orthopedic operations and opioid-related hospital stays among seniors in the nation and states of Oregon and Washington where marijuana was legalized.
